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Abstract 
The paper presents one of the possible perspectives on what can be called “good” questions in teaching. This perspective view is 
based on the definition of “good” questions in Sullivan and Lilburn (2010) and extends it to natural sciences and problems based 
on interdisciplinary relations. The presented activities are anchored in the Theory of Didactic Situations (Brousseau, 1997) and in 
Inquiry Based Teaching (e.g. Hodson, 2009; Chapman, 2010). 
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1. Introduction 
The most common communication pattern in traditional teaching is the pattern in which the teacher initiates any 
communication (asks students to work, asks a question), the pupils reacts and then the teacher comments on the 
pupil’s reaction (sanctions, assesses). This means that the pupil’s experience is limited to this type of interactions. 
This pattern can be observed in all school subjects. The paper introduces one of the possible forms of thwarting this 
tenacious idea of school work. The paper contributes to Inquiry Based Teaching (IBT) (see e.g. Hodson, 2009; 
Chapman, 2010; Brand & Moore, 2011). Artigue (2012) defines IBT in general terms as an approach to teaching 
that allows pupils to experiment, not only on their own but also in groups, with the goal of answering questions 
about the world that surrounds them. IBT uses various activities such as posing questions, problem solving, 
modelling, searching for resources and data, experimenting, testing, justifying etc. This paper focuses on teaching of 
mathematics and biology. Although these subjects are usually included under one roof term of natural sciences and 
have much in common, there are some very important differences. Artigue (2012) sees the main differences in the 
different nature of the two scientific disciplines and their transposition to school teaching: the relevant environment 
in biology is much broader and includes mathematical objects; in mathematics in most cases the solution is rooted in 
mathematics as a structure, which influences the way of experimenting; both disciplines are quite different in their 
forms of validation of pupils’ discoveries, which is mainly the consequence of the rational nature of mathematics as 
a discipline.    
Every teacher is simultaneously a language teacher. In both mathematics and biology lessons pupils adopt 
specific communication patterns, they should learn to formulate a hypothesis, estimate, argue, and justify their 
results and solving procedures. Activities that intentionally focus on the language and communication component 
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are the natural tool for development of interdisciplinary relations; moreover, if the traditional schemes of lessons are 
thwarted, pupils’ intrinsic motivation is much higher. These activities may also become tools for diagnosis of pupils’ 
misconceptions, can be used for practice, revision, “discovery” and evaluation. Most of them can be easily adjusted 
to the individual pupil’s age, level and learning style. (Tejkalová, Novotná, 2011). 
Interaction and language used in mathematics lessons have become one of the currently much discussed topics, 
(Sfard, 2003; Hunt, 2007; Tejkalová, Novotná, 2010, 2011). Formerly most attention was paid to the language used 
by the teacher in the explanatory stages of the lesson. However, the change of social and cultural situation in the 
classes brought about the change of the focus of interest on interaction between the teacher and their pupils and also 
among the pupils themselves.  This process also makes use of various modern technologies (Anastopoulou, 2012). It 
can also be assumed that the attention is gradually diverted from the language of the text to the language of 
interaction. What is most important in transmissive education is how to transmit a given concept to the students. In 
IBM, most important is the discussion of the pupil/pupils with the teacher and discussion among the pupils. The 
discussion is organized in such a way that it enables the pupils to discover something new, formulate some 
hypothesis, discuss various solutions to a given problem etc. It is often very demanding for the teacher to give the 
pupils sufficient space, as such communication cannot be planned in advance in detail and the teacher must react 
swiftly to the situation that has arisen. (Novotná, 2012). 
The paper comes out of the Theory of Didactical Situations (Brousseau, 1997). In all the activities the key role is 
ascribed to the teacher. However, in contrast to the traditional role the teacher withdraws and lets the pupils act in 
this so called a-didactical situation (Brousseau, 1997). His/her ingression is vital in the beginning of the activity – 
he/she must clearly present the instruction. The teacher usually gives no more instructions in the progress of this 
activity, the pupils work on their own as much as possible, the teacher monitors their work and intervenes only in 
the case when he/she is asked to or when the pupils are not able to start or continue this activity without his/her 
intervention. The teacher’s role in the concluding discussion is the role of a moderator. He/she must guarantee that 
the debate remains on factual and objective level. It is the concluding discussion that forms the element were 
communication may be most effectively developed. It is the pupils themselves who sanction or refute other 
solutions. It is a fact generally acknowledged that there are no activities or types of exercises that automatically lead 
to development of communication skills. What is important are the choice of good instructions, good conditions for 
using the activity and organizational forms of work.  
The following text introduces one of the approaches satisfying the above mentioned requirements. It is the 
method of “good” questions. The term “good” questions is used in the sense of (Sullivan & Lilburn, 2010). Sullivan 
and Lilburn study “good” questions in the context of mathematics education, especially at primary school level. This 
paper takes their results further: We do not focus only on mathematics but also on natural sciences on lower 
secondary school level and on the use of interdisciplinarity. We study the similarities and differences that are the 
result of the differences in the nature of the two school subjects and the respective scientific disciplines. Our 
approach to the concept of a “good” question is different from a wide variety of other possible definitions; see for 
example the definition of a good question given by: A good question is relatively short, clear, and unambiguous. 
(“Question: What Makes”, 1995). 
2. “Good” questions in teaching   
What constitutes a “good” question? Sullivan and Lilburn (2010) give the following three properties: It requires 
more than reference to known facts; pupils may learn something while answering it and the teacher learns something 
about the pupils from their answers; there are more acceptable answers. Sullivan and Lilburn (2010) speak of two 
approaches to posing “good” questions. These approaches are similar but not identical: Method 1 (“Start from the 
end”) is divided into the following stages: a) topic selection; b) posing a closed question and finding the answer to 
this question; c) formulation of a “good” question on the basis of precious steps. Method 2 (“Modify a commonly 
used question”) is divided into the following stages: a) topic selection; b) selection of some standard question; c) 
modification of this question to a “good” question. 
They also study the use of “good” questions in the classroom.  
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The teacher begins the activity by asking a “good” question. This does not mean only asking a question but also 
making sure that all pupils understand it. The teacher may for example ask several pupils to rephrase it using their 
own words. The pupils should have the chance to ask the teacher e.g. what it means to answer the given question. 
However, the teacher should never explain or give any hints on how to find the answer. It is the pupils’ task to find 
the way to the answer.     
Pupils are then left to look for answers to the asked question. It is recommended that pupils work in groups, 
which enables them to consult their ideas with their classmates. This constitutes an important part of the learning 
process. It helps even the weaker students who do not have to ask the teacher for advice but may consult the 
problems with their classmates. If there are too many pupils who do not know how to begin, it is recommended to 
interrupt their work and start a joint discussion that will help the pupils overcome the initial difficulties. If the pupils 
are still at loss even after this discussion, it is advisable to use a slightly simplified question in such a way that it will 
make the pupils think about it. When pupils work on their own, the teacher observes what they are doing but does 
not intervene in their activity. In case that some group has finished work, the teacher may ask a follow-up question 
related to the original one. It is not necessary to wait for all the groups to find the answer. Even if the teacher 
interrupts them before they find the answer, they have been working and have been growing familiar with the 
situation. There must always be enough time for the whole class discussion.     
The whole class discussion follows. The groups present their solutions and explain why they have selected the 
given procedure. Usually the teacher lets each group present their procedure and has them record their answers on 
the whiteboard. It is very usual that the pupils from a group with an erroneous answer or procedure realize where the 
mistake has occurred. It is recommended to ask the pupils follow-up questions similar to the original one to make 
them see that their procedure may be applied also on more general level.  
The final part is devoted to summary of the discovered information. If all happens as expected, at least some 
pupils should be able to make this summary instead of the teacher. The fact that a group provides a correct answer 
does not necessarily mean that they have understood everything; that is why it is essential that the teacher sum up 
important points and explain them if necessary. Even at this stage it is advisable to ask pupils questions similar to 
the original one to make them see that their procedure may be applied also on more general level.  
3. Examples of “good” questions 
3.1. Mathematics 
Let us start from a question commonly used in school mathematics: Give the arithmetic mean of numbers 3, 8, 9, 
10 and 15. (The answer is 9.) The same mathematical problem can also have the form of a word problem: There are 
children aged 3, 8, 9, 10 and 15 in the family. What is their average age? Let us show how this can be changed into a 
“good” question using Method 1. We present one possibility (Sullivan, Lilburn, 2010). However, it is obvious that 
other variants could be used similarly. 
“Good” question: There are five children in the family. Their average age is 9. How old can the children be? 
Progress: 7th grade pupils were working on the above given “good” question. They used various solving 
strategies, including the trial and error strategy, gradual approximation to one of the correct results, or solution of 
simple equations (when calculating the age of some child after setting the age of other children, trying to meet the 
criterion of their average age). There are several correct solutions to the problem. In the beginning the pupils 
automatically expected every child’s age to be different. Even if they found several possible correct solutions, they 
did not know if they had found all the possible solutions. The situation grew even richer when somebody suggested 
that some of the children in the family could be twins, triplets, or even quadruplets or quintuplets. The discussion 
concerning the age of the children was very interesting. For example how should the case when a child is 8 years 
and 6 months old be treated or if the average age is not a whole number. Should parts of the year be taken into 
account (and if so, how small parts of the year are still meaningful)? If not, what rules for rounding should be used?  
Summary: This situation helps the pupils understand the real meaning of the concept arithmetic mean. Instead of 
mechanical substituting into a formula, the pupils were given the chance to study for example the effect of change of 
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one of the given figures on the arithmetic mean, especially in case that the chosen number was much higher than the 
other. This knowledge will later help the pupils understand the difference between the mean and median. It is 
applicable in everyday life, the typical example being for example information on average income.  
3.2. Biology: How do crayfish walk? 
The question How do crayfish walk? is very simple. The majority of lower secondary school pupils for whom it 
was prepared (but not only them) answer immediately without thinking that the crayfish walks backwards. This 
answer springs out from what we learn at school, how crayfish movement is presented in literature, popularization 
competitions etc. and is not based on our direct experience, observation, experimenting etc. Can it be used as a 
“good” question?  
The following is an example of creation of a “good” question “How does crayfish walk?” using the above 
described Method 2: A group of lower secondary school pupils came for an excursion to the Faculty of Education, 
Charles University in Prague. One of the authors of this paper showed the pupils collections and in the end of the 
excursion she stopped in front of a crayfish aquarium and assigned the following task (a “good” question): “Look at 
the aquarium, observe the crayfish and in a short while I will ask you: How do crayfish walk?”  
Progress: The pupils did not use the opportunity to observe and find out how crayfish walk. Instead they were 
watching their guide and shouting: “Backwards!” and – when not getting positive feedback – “Forward!” and in a 
short while “Sideways!” and again “Backwards!”. After the guide remained silent for one or two minutes and 
revealed nothing even by mimicry, some of them began to look at the crayfish and study them. This activity initiated 
the search for the right answer.  
Conclusion: A “good” question has several answers. In case of the question How do crayfish walk? the correct 
answer is: Crayfish walk backwards when in danger, when they fear something; but when at ease and when they 
look for food, they walk forwards. And because crayfish when observed by people in nature feels endangered, the 
myth that crayfish walk (only) backwards was born. However, careful observation of crayfish in a pellucid aquarium 
can uproot this misconception passed on in literature and folk tales.   
3.3. Interdisciplinary situation  
A “good” question in interdisciplinary situations is such a question which combines both the above mentioned 
approaches: mathematical modelling as well as observation of real situation typical for natural sciences. The 
following example illustrates this approach. Let us depart from a closed question: A driver wanted to cover 200 km 
on a motorway. Most of the way he was driving at the allowed speed limit 130 km/h. However, he spent half an 
hour in a tailback driving only 80 km/h. What was his average speed? (The answer is: 115,5 km/h.) 
A “good” question with an interdisciplinary context: You have an important meeting in a town which is 200 km 
away. You can use a motorway where the speed limit is 130 km/h. The meeting starts at 10 o’clock. What time 
should you leave home to be at the meeting in time? 
A possible modification of this “good” question can give the pupils more space to make use of knowledge from 
other disciplines and to search for information, e.g. by giving the place of departure and arrival instead of the 
distance. Pupils then have to find the needed information in maps. 
The solution of this problem requires the use of the formula for uniform linear motion and its velocity, the 
weighted mean. However, successful solution of this problem requires consideration of other factors that will 
influence the journey; we need some time to park the car, to arrive to and leave from the motorway; if the meeting is 
really important we must have some extra time not to arrive at the very last moment.  
If the pupils approach the “good” question only formally and try to make use of some formula used in standard 
problems on motion, the teacher may initiate a discussion and change the pupils’ points of view by questions such 
as: How will the average velocity change if there is a tailback near the exit from the motorway or if the speed on the 
motorway is limited due to some construction work? These questions should make the pupils aware of the difference 
between maximum speed and average speed.  
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4. Concluding remarks 
As already stated the paper has been elaborated in the framework of the Theory of Didactical Situation. A 
didactical situation (Brousseau, 1997) consists of three basic stages: devolution, a-didactical situation and 
institutionalization. Devolution is meant to be the process in which the teacher delegates part of the responsibility 
for teaching to the pupils.  Institutionalization is the phase in which the teacher plants the knowledge gained by the 
pupils into a wider structure of knowledge or in which the teacher corrects misconceptions. A-didactical situation is 
the situation that allows the pupils to discover something, to make a model and verify it, create a new one etc. 
without any direct intervention from the outside. There might be some external intervention by the teacher but only. 
to hold the pupils’ attention. From the point of view of pedagogy this means that the pupil acts on his/her own, 
independently. A-didactical situation consists of three components: situation of action, of formulation and of 
validation; their characteristics is given already in their names, for more details see Brousseau (1997).  
The paper shows one possible perspective on what can be called a “good” question in teaching. Even though the 
used definition is not the only existing one, we can summarize what all definitions of “good” questions in didactical 
literature have the following features in common: A “good” question is meant to be such a question that challenges 
pupils to think, to act, to be creative, to engage in inquiry. In contrast standard questions are such questions that can 
be answered unequivocally and albeit intentionally or unintentionally they test the pupils’ knowledge (the pupil 
either knows the answer or does not).   
Standard questions are a good tool for testing pupils’ knowledge. The aim of “good” questions is different: Their 
task is to launch the pupils’ learning process, the process of problem solving and of gaining new knowledge. But 
that is not all. The use of “good” questions satisfies the demands, e.g. Rocard et al. (2007, p. 9) state that  “rather 
than seeking a single correct answer, children interpret the problem, gather needed information, identify possible 
solutions, and evaluate options and present conclusions”.   
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